Background The Study on Global Ageing and Adult Health (SAGE) aims to improve empirical understanding of health and well-being of adults in developing countries. We examine the role of self-rated health (SRH) in predicting mortality and assess how socio-demographic and other disability measures influence this association.
Introduction
Self-rated health (SRH) is a widely used measure by which a person reflects and intuitively summarizes his/her own health state. [1] [2] [3] [4] [5] [6] It is based on a respondent's evaluation of his/her health status on a Likert scale using a global health question ('In general, how would you rate your health today?'). The pathways behind SRH are unclear. One theory suggests that the person first recognizes in his/her own way the 'meaning of health'; identifies the different components of 'my health' based on ability to function physically, body feelings, pain and sensations, signs of disease, diagnosed health problems, preventive health behaviours and risks and strengths for future health; and then processes this information in the context of age, earlier health experience, health states of his/her peers and finally his/her own health expectations. He/she then summarizes this mass of information into a single rating on a 5-point category scale based on his/her understanding of the scale, his/ her emotions at the time of self-rating and cultural conventions and norms of reporting health states. 7 SRH, although non-specific in its measurement, is an all-inclusive and reliable measure of health that is sensitive to the person's perception of health and complements other more specific measures of health. However, relying on it solely in assessing or evaluating health care may be misleading. 8, 9 SRH is known to decline as age advances, and women are more likely than men to report poor SRH. 10 This association is likely to be mediated through limitations in functional ability and disease. [11] [12] [13] The socio-economic environment shapes perception of health, as does the body.
14 Individuals with no education and low financial security report poor SRH. [15] [16] [17] [18] The role of social support and social network is less clear. Family kinship, marital stability, social class, social capital and social participation are associated with good SRH. [19] [20] [21] [22] [23] On the other hand, social support is less predictive of SRH when controlling for economic status. 24 A strong association between poor SRH and increased risk of all-cause and disease-specific mortality independent of age, sex, income, education, social networking, health practices, objective health status and chronic illness has been consistently reported from North America and Europe. [25] [26] [27] [28] [29] [30] [31] [32] [33] Similar associations have been seen in Japan, China and Indonesia. [34] [35] [36] [37] The predictive ability of SRH for mortality may be sensitive to the cultural environment, and hence, cross-cultural comparisons must be made with caution. 38 A meta-analysis of 22 cohort studies shows a 2-fold risk for all-cause mortality for those reporting 'poor' health status. 39 Poor SRH is a strong indicator of mortality across all socio-economic strata. 40 However, how SRH predicts mortality is not clear, although there is evidence from rich countries that high levels of disability, illness and poor physical and cognitive performance influence this association. 41 Disease and disability affect body function, activities of daily living and social networking, which in turn affect SRH and mortality. 11, 14, 22, 23, 42 It is not known whether socio-economic status and/ or disability play a role as health determinants that reduce the predictive influence of SRH on mortality in low-and middle-income countries. A major gap in our knowledge about SRH is whether its meaning, evaluation and ability to predict subsequent mortality or other objective indicators of health status are similar in developing countries such as India to those seen in highly industrialized Western countries. Owing to limited resources, unreliable mortality statistics and lack of infrastructure for conducting longitudinal research and long-term follow-up of population cohorts, only a few studies have linked SRH to mortality in less-developed countries. 35, 43, 44 The Study on Global Ageing and Adult Health (SAGE) is designed by the WHO to provide longitudinal evidence to improve understanding of health and well-being of adults aged 550 years in developing countries. This article examines the role of SRH in predicting mortality within the context of a rural Indian population under the Health and Demographic Surveillance System (HDSS). We assess how sociodemographic characteristics and other self-reported health/disability measures influence this prediction.
Methods
Study area and study sample The first wave of the SAGE survey was conducted in six developing countries (China, Ghana, Mexico, South Africa, Russian Federation and India) based on methodologies adapted from the World Health Survey. 45 In 2007, a shortened version of SAGE was designed for use among adults aged 550 years in eight HDSS sites (including Vadu HDSS) within the INDEPTH network. 46 In Vadu HDSS, deaths, births, migrations and change in marital status are enumerated on a census basis every 6 months, covering a population of 100 000 over 22 villages. A simple random sample of 6000 individuals from 14 749 aged 550 years was drawn from the HDSS database for potential enrolment in SAGE in 2007. Trained graduate researchers administered SAGE short version in Vadu participants' homes.
Measures
Mortality among SAGE respondents subsequent to the survey was the outcome of interest. Person-years of follow-up were estimated for all respondents from the date of the SAGE interview until death or censoring (out-migration or last HDSS visit before the end of follow-up period on 30 June 2011).
Our primary predictor was the global SRH question using a 5-point Likert scale, ranging from 1 to 5, where 1 indicates very good health and 5 indicates very bad health. Because of small numbers in the extreme categories, we recoded SRH into three categories, which were 'very good/good', 'moderate' and 'bad/very bad'. Three additional self-report health measures, based on limitations of functional activity and subjective well-being in the absence of medical diagnosis, were included. The WHO Health State Score (WHO-HSS) was based on questions from eight health domains; each domain had two questions. Item response theory in Winsteps was used to derive a Rasch summary score. This score was transformed to a scale of 0-100 (where 0 indicates best health status and 100 indicates worst health status). The shortened 12-item version of the WHO Disability Assessment Schedule (WHO-DAS) assessed six domains of functioning in daily life (understanding and communicating, getting around, self-care, getting along with others, life activities and participation in society). 47 The weighted mean of 12 responses was transformed into a final score ranging from 0 to 100 (where 0 indicates no disability and 100 indicates extreme disability). The WHO quality-of-life (WHO-QoL) score was a mean of eight responses to questions on overall happiness and satisfaction with health, living conditions and other aspects of life, with a range of 1-5 (where 1 indicates best and 5 indicates worst quality of life). We used z-score transformations of WHO-HSS, WHO-DAS and WHO-QoL measures to allow for easier comparison of the results for these health scores.
The SAGE data were linked to the 2007 HDSS database to add socio-demographic covariates, including age, education, socio-economic status, marital status and family size. Age was categorized in 10-year intervals. Education was categorized into three groups: primary or less, secondary and higher secondary or more. As part of HDSS, socio-economic status of all households in the study area had been separately assessed based on the Indian National Family Health Survey 'Standard of Living Index' (SLI), where the facilities (e.g. toilet, electricity, drinking water source) and physical items (e.g. land and livestock ownership, material assets like refrigerator) of each household were given weighted scores and summed. Finally, all households in HDSS were assigned to quintile groups based on the summary score. Family size was a count of the members of the household. Spousal support was based on the marital status of the respondent and death or out-migration status of the spouse from subsequent rounds of HDSS database.
Statistical methods
The socio-demographic profile, SRH and other health and disability measures based on self-report (WHO-HSS, WHO-DAS and WHO-QoL) were compared between men and women using Student's t-test and chi-square tests of significance. Mortality rates stratified by socio-demographic characteristics were estimated separately for men and women. Hazard ratios (HRs) for SRH stratified by gender and individual socio-demographic characteristics were estimated using Cox's proportional hazards regression in STATA. We confirmed the proportional hazards assumption with the 'stphtest' command in STATA and Schoenfeld's plot of residuals against time for each covariate (results not shown). First, we estimated HR for age and for SRH adjusted for age and stratified by sex (Model 1). We then modelled SRH with the socio-demographic variables, adjusted for age and stratified by sex (Model 2). We confirmed there was no multi-collinearity (variance inflation factor for each measure <10) between the different WHO health and disability measures (WHO-DAS, WHO-HSS and WHO-QoL) and included them in the final model (Model 3). As socio-demographic characteristics and disability may modify the effect of SRH on mortality, we tested for interaction between SRH and spousal support, education, socio-economic status and WHO-DAS measure in predicting mortality.
Results
Of a random sample of 6000 individuals from the HDSS database, 568 could not be traced (out-migrations or incorrect/incomplete address) for interview, hence 5432 (91%) individuals aged 550 years were included in the survey. In the process of linking the SAGE database with HDSS data, 294 individuals were excluded because their identity information could not be matched with the HDSS records. A further 51 individuals were excluded from analysis owing to missing or inconsistent responses on critical variables like age or date of death. The results are based on the analysis of 5087 (85%) respondents aged 550 years who completed the SAGE survey in 2007, with follow-up through routine HDSS surveillance till June 2011. The socio-demographic profile of those in the original sample excluded from the analysis was similar to that of individuals included in the final analysis (results not shown). Spousal support changed in 14 respondents (0.3%) during the follow-up period, and the most recent spousal status was used in the analysis. Table 1 compares the socio-demographic characteristics of SAGE participants by sex. Men were 0.6 years older than women and were more likely to report better health and lesser disability. Men were also better educated than women. A higher proportion of women (44.9%) had no spousal support compared with men (13.3%). The proportion of men and women in the richest quintile was 30% compared with 10-12% in the poorest quintile. There was no difference in the socio-economic status of households between men and women. WHO-HSS, WHO-DAS and WHO-QoL measures were worse for older men and women compared with their younger counterparts.
A total of 410 (232 men, 178 women) respondents died in the 3-year follow-up period. There was no significant difference between mortality rates for men and women (31.1 and 26.2 per 1000 person-years, respectively; P ¼ 0.082). Mortality rate increased with age and was higher for men than for women across all age groups except among those aged 580 years (Table 2) . Mortality rate decreased as education level increased in men and women; however, in the most educated women, the mortality rate was high but unreliable with very wide confidence intervals (CIs). Overall, mortality was higher for those without spousal support compared with those with spousal support, more so for men than women (63.4 and 40.8 per 1000 person-years, respectively). Mortality was higher in poorer socio-economic status groups compared with richer groups in both men and women. Table 3 shows the mortality hazard for SRH stratified by each socio-demographic characteristic separately. The mortality hazard was significantly higher for men who reported poor/very poor SRH compared with those who reported very good/good SRH across all age groups (HR ranged from 2.92 to 5.51). An increased but non-significant mortality hazard was also seen in women. Mortality hazard was significantly higher for men (HR: 4.97) and women (HR: 2.64) with primary or less education and who reported poor/very poor SRH compared with those who reported very good/good SRH. Mortality hazard could not be reliably ascertained for women with more than primary education because of very small numbers. Increased mortality hazard was seen for both men and women across all socio-economic status groups, although this increased mortality hazard was significant only for men who reported poor/very poor SRH. Table 4 shows the HR for SRH stratified by sex with covariates added in three steps. Model 1 shows the mortality hazard for SRH stratified by sex and adjusted for age. Mortality hazard increased significantly as age increased in both men and women. Mortality hazard was higher for those with 'bad/very bad' SRH compared with those with 'very good/good' SRH independent of age (HR: 4.11; 95% CI: 2.72-6.23 in men; HR: 2.18; 95% CI: 1.31-3.62 in women).
In Model 2, after adjusting for socio-demographic variables, the same trend for SRH as in Model 1 (higher mortality hazard for those with bad/very bad SRH) was seen in both men and women. Mortality hazard decreased significantly by 4% (HR: 0.96; 95% CI: 0.93-0.99) with each unit increase in family size among men but not women. Mortality hazard was lower among richer socio-economic status groups in both men and women, but this trend was not significant. Education was not a significant predictor of mortality.
In the final model (Table 4) , we added the WHO health and disability measures. In men, the mortality hazard for 'bad/very bad' SRH was 3.06 (95% CI: 1.93-4.87), attenuated from 4.23 in Model 2. In women, although mortality hazard was higher in 
Discussion
Our study confirmed that 'bad/very bad' SRH was a strong predictor of mortality for rural Indians aged 550 years. This association was independent of age, Table 3 Mortality HR for SRH (95% CIs in parenthesis) among men and women aged 550 years, stratified by each individual socio-demographic characteristic, Vadu, India Note: * ¼ P-value < 0.05; ** ¼ P-value < 0.01; *** ¼ P-value < 0.001. sex and other socio-demographic factors like spousal support, education, family size and socio-economic status. This is consistent with other studies in developed and developing countries. 11, 37, 48, 49 Of the WHO health measures, WHO-DAS was the strongest predictor of mortality in both men and women, independent of age, SRH, spousal support and other socio-demographic covariates; neither WHO-HSS nor WHO-QoL appeared to increase the predictive ability of our models. Furthermore, disability (WHO-DAS score) seemed to play a large role as a health determinant in moderating the predictive value of SRH on mortality in both men and women. We did not see education and household socio-economic status modify the relation between SRH and mortality, as in the study from Indonesia. 37 Our study highlighted the strong influence of spousal support independent of age, sex and other socio-economic factors in predicting mortality, which is seen in other studies. [50] [51] [52] However, we could not examine whether spousal caring influenced mortality. 53 The lack of a significant association between education and mortality could be due to small numbers in the higher education groups as well as stronger competing predictor effects of other covariates. This needs to be verified in other populations with low literacy. SRH prediction of mortality is stronger when the medical illness leading to death (e.g. diabetes) is known by the person at the time of self-assessment and is weaker for causes of death like violence. 28, 30, 54 ) SRH adds predictive value to traditional risk factors such as smoking, obesity and hypertension in predicting stroke. 55 The effect of SRH on mortality and disease is known to be modified by preventive health behaviours like smoking and physical activity. Our study using the shortened SAGE version was constrained by the lack of information on known Note: * ¼ P-value < 0.05; ** ¼ P-value < 0.01; *** ¼ P-value < 0.001.
illnesses suffered by respondents or their lifestyle risk factors. We were not able to study the effect of SRH on cause-specific mortality, such as stroke or cardiovascular disease, owing to small numbers in any of the death groups. The role of bodily sensations and feelings affecting SRH is little studied. It was beyond the scope of this article to study these issues, although there was evidence that levels of disability influenced SRH in this population.
Our study was limited to an extent by survivor selection bias because the study design excluded individuals who died before attaining 50 years of age. As poor SRH is associated with higher mortality, the mortality hazard of SRH was likely to be underestimated in the survivor group (550 years of age). However, this underestimation was likely to be small, as the mortality hazard is lower for younger adults.
Our study highlights the strength of nesting such surveys within the context of HDSS that allow accurate estimation of person-years of follow-up or survival time, taking into account migration and death information in reliably estimating mortality rate or risk. 
